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論 文 内 容 の 要 旨 
 
Chapter 1 Introduction 
Cardiovascular disease (CVD) generally refers to the heart, brain, systemic ischemic or 
hemorrhagic diseases (such as cerebral aneurysm, coronary stenosis, etc.) caused by 
cardiovascular disease risk factors (such as hyperlipidemia, atherosclerosis, hypertension, 
type 2 diabetes, etc.). Currently, CVD is the most lethal disease in the world, which brings 
serious harm to human health. Therefore, the diagnosis and treatment of CVD are of great 
significance. 
Detection of various risk factors for CVD is of positive significance for the diagnosis and 
treatment of CVD. There are many kinds of CVD risk factors. Its detection mainly depends on 
the examination of various physiological parameters (Pulse Wave, Electrocardiogram(ECG), etc.) 
and clinical indicators (Blood Pressure, Blood Lipid, etc.). Taking pulse wave as an example, 
it is a kind of pressure wave formed by the pulse of the heart propagating outward along the 
artery and blood flow. The pulse wave contains abundant physiological information related to 
CVD risk factors. However, the current use of clinical pulse diagnosis is mainly based on 
traditional Chinese medicine theory. The detection of CVD risk factors based on pulse wave mainly 
depends on the subjective experience of doctors, which has not been proved by evidence-based 
medicine. In addition, the morphological diversity of pulse wave makes it difficult to extract 
and analyze the pulse waveform features. Therefore, the development of a strong feature 
extraction method to analyze the relationship between the pulse wave and the specific type of 
CVD risk factor has a positive significance for the diagnosis and treatment of CVD. 
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For the treatment of severe CVD, surgery is usually the most effective treatment. Taking severe 
myocardial ischemia caused by coronary artery stenosis as an example, coronary artery bypass 
grafting (CABG) is one of the most effective treatments commonly used. A large number of studies 
have shown that the acquisition of hemodynamic information such as blood flow velocity and 
pressure before and after stent and CABG operation has a very high guiding role in the selection 
and optimization of the operation scheme. At present, computational fluid dynamics (CFD) is 
the main computational method of hemodynamics. However, CFD needs professional operation skills 
and high computational cost, which hinders its clinical application. Therefore, it is necessary 
to develop a simple, fast and accurate hemodynamic calculation method. 
The development of deep learning provides a new solution for the above problems. With the support 
of big data and high-performance GPU computing cluster, deep learning can quickly and accurately 
extract the underlying features, abstract them into advanced attribute features, and then 
realize the tasks of pattern recognition and logical regression. 
 
Chapter 2 Deep Learning Methods 
We introduce the basic methods of convolution neural network (CNN) construction in this thesis. 
The details of the methods used in the following chapters are explained in detail in the methods 
section of each chapter. Since the hemodynamics generated by CFD method is used as the data 
set for deep learning, it is necessary to introduce the CFD method. 
 
Chapter 3 Pulse-Wave-Pattern Classification with a Convolutional Neural Network 
Based on the classification criteria of specific CVD risk factors, convolutional neural network 
(CNN) was used for pulse wave pattern classification, which could further realize the detection 
of specific risk factors based on different pulse wave patterns. 
Part 1: Quality verification of pulse wave data set. By analyzing the parameters of pulse wave, 
we proved that our pulse wave data could reflect the typical characteristics of specific CVD 
risk factors and physiological information. 
Part 2: Five CVD risk factors were extracted from medical records as classification criteria 
to build pulse data set 1. Four physiological parameters closely related to the selected risk 
factors were also extracted as classification criteria to build data set 2. An optimized CNN 
model with stronger feature extraction capability for pulse signals was proposed, which achieved 
PWPC with 95% accuracy in data set 1 and 89% accuracy in data set 2. It demonstrated that pulse 
waves are the result of multiple physiological parameters. There are limitations when using 
a single physiological parameter to characterize the overall pulse pattern. The proposed CNN 




Chapter 4 Prediction of 3D Cardiovascular Hemodynamics before and after Coronary Artery 
Bypass Surgery via Deep Learning 
We constructed the point cloud data sets of cardiovascular hemodynamics in patients with 
coronary heart disease before and after CABG. A deep learning network with double sampling 
channels was proposed. Point cloud data sets could represent the spatial structure and internal 
flow field distribution of different models with high resolution. The proposed network could 
directly analyze and reproduce the relationship between model geometry and internal 
hemodynamics, avoiding the complex operation of CFD. In terms of sample resolution and 
applicability, our deep learning method was superior to the previous research on machining or 
deep learning. Statistical analysis showed that the prediction results of our deep learning 
method for hemodynamics were consistent with those of CFD method, but the calculation time is 
shortened by 600 times. This chapter proposed a new deep learning method, which could accurately 
predict the hemodynamic changes of different lesion areas before and after CABG. It can 
effectively help the clinical treatment of CVD. 
 
Chapter 5 Conclusion and Outlook 
In this thesis, we propose novel deep learning methods for diagnosis and treatment of CVD. From 
the results, our deep learning methods have advantages over traditional methods and previous 
deep learning approaches. 
In the further work, we will improve from two aspects: the expansion of data set and the 
optimization of network structure. For Chapter III, it is necessary to further enrich the pulse 
wave data set. Comprehensive analysis of more types of CVD risk factors and information including 
treatment methods and medication is of positive significance for the diagnosis and treatment 
of CVD. For chapters IV, in CFD simulation, there is no boundary condition information for 
patients. Currently we adopted constant values on inlets and outlets, which have been widely 
used among a number of geometries. Therefore, the simulation results should include differences 
from real hemodynamics. On the other hand, this assumption may also facilitate the stability 
of prediction by moderating the variety of hemodynamics. In future approaches that include an 
inlet/outlet condition, another input channel will be required on the network. In addition, 
the data for this study comes from a project optimizing the treatment plan of coronary stenosis. 
Therefore, our datasets do not contain information on other cardiovascular diseases such as 
coronary aneurysms or aortic diseases. Based on the above limitations and prediction error 
analysis results, in future work, we need to increase the number and type of patients in datasets 
to include the characteristics of different cardiovascular diseases and improve the accuracy 
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of predictions. Secondly, we need to collect physiological information of patients to build 
the datasets under personalized boundary conditions. Based on this study, we aim to build a 
network with multiple constraints, multiple channels of input, and multiple sampling layers 
in parallel. It can help us use deep learning to achieve the prediction of high-dimensional 
flow field such as fluid–structure interaction (FSI), etc. 
In conclusion, this study explored the application of deep learning in the diagnosis and 
treatment of CVD. Our deep learning method was superior to the previous approaches, and had 
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をまとめたものであり、全編 5 章からなる。 
第 1 章は序論であり、本研究の背景と目的を述べている。 
第 2 章では、DL の手法について、分類問題と回帰問題について使用するアーキテクチャ
ーをまとめている。特に、血流の数値流体力学解析（CFD）をまとめることで、血流の回帰
問題として DL の適用の可能性を明らかにしている。これは、DL の適用展開を考慮する上
で重要な成果である。 
第 3 章では、脈拍から情報を抽出するために、DL を用いて疾患要因となる脈拍を分類す
る可能性を検討している。脈拍波形の特徴から、DL の学習法として dropout が重要な役割
を果たすことを見いだしている。このことは、波形のみから複数の CVD 危険因子を検出す
る可能性に繋がる重要な発見である。 
第 4 章では、血流の CFD の回帰予測を DL で行う可能性について検討している。形状情
報と、CFD に含まれる速度情報の特徴から、DL のアーキテクチャーとして Point Net を独
自に改良している。また、テストデータを有効に増加させる手法を構築している。速度情
報と圧力情報について、CFD と同等の情報が得られることを見いだしている。さらに、CFD
の計算速度より 600 倍の速さで情報を得ることに成功している。このことは、DL によって
計算コストを下げることの可能性を示す重要な成果である。 
第 5 章は結論である。 
以上要するに本論文は、DL のアーキテクチャー及び学習法をデータ群の特徴に基づいて
構築することで、DLが CVDの診断法と治療法の改良に有効であることを示したものであり、
医工学及び生体流動情報工学の発展に寄与するところが少なくない。 
よって、本論文は博士（医工学）の学位論文として合格と認める。 
 
